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By causing the transmission power to be reduced,
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forms wireless access based on CSMA on a mesh net-
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minal stations, and can prevent a reduction of a trans-
mission opportunity of other terminal stations. By meas-
uring the number of and sizes of packets to be transmitted
and received, it is possible for a terminal station to com-
prehend the trafficamountto be transmitted and received
by itself, and perform a control of the transmission power
by this.
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Description
Technical Field

[0001] The technology disclosed in the present disclo-
sure is related to a wireless communication apparatus
and wireless communication method which mainly con-
trols access to a media in accordance with an occupancy
state of the media, and for example, is related to a wire-
less communication apparatus and wireless communi-
cation method which performs information transfer under
a communication environment in which a plurality of ter-
minal stations are present by a same channel such as a
mesh network.

Background Art

[0002] In networks using wireless technology, a con-
figuration method is widely known in which each terminal
performs information transfer by a subordinate of a con-
trol station called an "access point" or the like. Each ter-
minal station performs wireless communication, while
synchronizing via the access point. For example, a ter-
minal station reserves a necessary band for information
transfer, and uses a channel so that a collision with in-
formation transfer of other terminal stations is not pro-
duced. However, in such a configuration method of a
network, it may be necessary to perform wireless com-
munication via the access point, even at the time when
performing asynchronous communication among termi-
nals, and there will be the problem of the utilization effi-
ciency of the channel being reduced by half.

[0003] In contrast to this, "Ad-hoc communication”, in
which terminal stations perform direct and asynchronous
wireless communication not via an access point, has
been devised as another configuration method of a wire-
less network. For example, in an IEEE802.11 type wire-
less Local Area Network (LAN) system, in addition to an
infrastructure mode in which an access point intervenes,
an Ad-hoc mode is prepared in which each terminal sta-
tion is operated by Peer-to-Peer with autonomous distri-
bution, without distributing an access point.

[0004] In an Ad-hoc network, there is no means for
synchronizing between terminal stations, such as an ac-
cess point. Accordingly, it may be necessary to avoid
competition, at the time where a plurality of terminal sta-
tions use a same channel. Carrier Sense Multiple Access
(CSMA) is known as a representative access system
which avoids competition. In CSMA, a terminal station
with transmission information avoids collisions by a pro-
cedure, which confirms an occupancy state of a media
before transmission, and starts transmission in the case
where the media is clear.

[0005] Further,in CSMA, thereis the problem of hidden
terminals. Here, a hidden terminal is a terminal station in
a state where mutual wireless signals do not arrive. Since
a carrier of a hidden terminal is not able to be detected,
a collision with a hidden terminal is not able to be avoided
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by only CSMA.

[0006] RTS/CTS has been devised as a method which
avoids collisions with hidden terminals. Acommunication
station of a transmission source transmits a transmission
request packet Request To Send (RTS), and starts data
transmission by replying to a confirmation notification
packet Clear To Send (CTS) received from a communi-
cation station of a data transmission destination. Also,
since a hidden terminal can receive at least one of a RTS
and a CTS, a collision is avoided, by setting a transmis-
sion stop period of the station itself only for the period in
which itis assumed that data transfer is performed based
on RTS/CTS.

[0007] However,inanaccess systembasedon CSMA,
there will be the problem of a transmittable opportunity
being reduced in accordance with the number of terminal
stations attempting to perform information transmission
on a same channel, even if a collision such as described
above can be avoided. In the case where a certain ter-
minal station does not want to perform communication
with aterminal station, where a path loss with this terminal
present at an extremely adjacent location is remarkably
small compared to a path loss with other stations, trans-
mission for collision avoidance will not be permitted,
when receiving a signal of another terminal station (for
example, refer to Patent Literature 1). That is, when a
traffic amount increases on a channel, the interference
amount to an adjacent terminal station will increase, and
the band used by the adjacent terminal station will be
limited.

Summary of Invention
Technical Problem

[0008] The inventors of the technology disclosed in the
present disclosure have provided an excellent wireless
communication apparatus and wireless communication
method, which can suitably perform information transfer,
by a system which controls access to a media in accord-
ance with an occupancy state of the media.

[0009] Theinventors of the technology disclosed in the
present disclosure have provided an excellent wireless
communication apparatus and wireless communication
method, which can suitably perform information transfer,
while suppressing interference to other terminal stations,
and preventing a reduction of a transmission opportunity
of other terminal stations.

Solution to Problem

[0010] The present application has been made in view
of the aforementioned problems. According to a technol-
ogy described in claim 1, there is provided a wireless
communication apparatus including: a transmission unit
which transmits a wireless signal; a reception unit which
receives a wireless signal; an influence degree estima-
tion unit which estimates an influence degree given to a
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surrounding terminal station by transmission data from
the transmission unit; and a transmission power control
unit which controls a transmission power of the transmis-
sion unit based on the influence degree.

[0011] According to atechnology described in claim 2,
the transmission power control unit may control a trans-
mission power of the transmission unit based on the in-
fluence degree and a minimum transmission power ca-
pable of retaining a present data transfer.

[0012] According to atechnology described in claim 3,
a minimum transmission power capable of retaining a
present data transfer may be calculated based on a data
transfer speed necessary for presently transferred data,
path loss information obtained from an RSSI or MCS,
and a QoS of data.

[0013] According to atechnology described in claim 4,
atatime whentheinfluence degree exceeds a prescribed
value, the transmission power control unit may change
a transmission power of the transmission unit to the min-
imum transmission power.

[0014] According to atechnology described in claim 5,
the transmission power control unit may change a trans-
mission power to a transmission power corresponding to
a relationship between the influence degree and the min-
imum transmission power.

[0015] According to atechnology described in claim 6,
a signal detection capability in the reception unit may be
controlled in accordance with a change in a transmission
power of the transmission unit.

[0016] Accordingto atechnology described in claim 7,
the wireless communication apparatus may perform a
communication operation by a mesh network, and a met-
ric of a path may be recalculated in accordance with a
change in a transmission power of the transmission unit.
[0017] According to atechnology described in claim 8,
the influence degree estimation unit may measure a traf-
fic amount to be handled by the transmission unit and
the reception unit as the influence degree.

[0018] According to atechnology described in claim 9,
the influence degree estimation unit may measure a traf-
fic amount by counting the number of packets or a size
of packet to be transmitted and received by the transmis-
sion unit and the reception unit.

[0019] According to a technology described in claim
10, the influence degree estimation unit may measure
the number of links as the influence degree.

[0020] According to a technology described in claim
11, the influence degree estimation unit may additionally
estimate an influence degree given to the wireless com-
munication apparatus itself by transmission data from
the transmission unit, and the transmission power control
unitmay control atransmission power of the transmission
unit based on the influence degree.

[0021] According to a technology described in claim
12, the influence degree estimation unit may estimate a
stability degree of a path of the wireless communication
apparatus, and the transmission power control unit may
control a transmission power of the transmission unit
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based on the stability degree of the path.

[0022] According to a technology described in claim
13, the influence degree estimation unit may estimate
the stability degree of the path based on a variation
amount of a path metric, the number of links, and a traffic
amount, in at least one fixed time in the past.

[0023] According to a technology described in claim
14, the influence degree estimation unit may estimate
whether or not there is a condition where an addition of
anew link is to be limited by the wireless communication
apparatus, and the transmission power control unit may
control a transmission power in accordance with the con-
dition.

[0024] According to a technology described in claim
15, the influence degree estimation unit may estimate
whether or not there is a condition where an addition of
a new link is to be limited based on at least one of a
present traffic and power supply state.

[0025] According to a technology described in claim
16, the influence degree estimation unit may estimate a
link condition of a peer with a certain terminal station,
and the transmission power control unit may control a
transmission power in accordance with the link condition.
[0026] According to a technology described in claim
17, the influence degree estimation unit may estimate
the link condition based on at least one of an MCS used
for transmission to the terminal station, a reception RSSI
from the terminal station, and a report value of an RSSI
from the terminal station.

[0027] According to a technology described in claim
18, anotherterminal station may be notified of information
of a transmission power changed by the transmission
power control unit.

[0028] According to a technology described in claim
19, a path loss may be back calculated from an MCS
used for a data packet transmitted from a terminal station
of a communication partner, and a packet error rate of a
packet transmitted from the terminal station, and a trans-
mission power of the communication partneris estimated
based on the path loss and a reception RSSI.

[0029] According to a technology described in claim
20, there is provided a wireless communication method
including: an influence degree estimation step which es-
timates an influence degree given to a surrounding ter-
minal station by transmission data; and a transmission
power control step which controls a transmission power
at a time of data transmission based on the influence
degree.

Advantageous Effects of Invention

[0030] According to the technology disclosed in the
present disclosure, there is provided an excellent wire-
less communication apparatus and wireless communi-
cation method, which can suitably perform information
transfer, while suppressing interference to other terminal
stations, and preventing a reduction of a transmission
opportunity of other terminal stations.
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[0031] In addition, the effects described in the present
specification are merely illustrative and demonstrative,
and not limitative. In other words, the technology accord-
ing to the present disclosure can exhibit other effects that
are evident to those skilled in the art along with or instead
of the effects based on the present specification.
[0032] The object, features, and advantages of the
present disclosure will be made clear later by a more
detailed explanation that is based on the embodiments
of the present disclosure and the appended drawings.

Brief Description of Drawings
[0033]

[FIG.1]FIG. 1is afigure which shows a configuration
of awireless communication apparatus 100 applying
the technology disclosed in the present disclosure.
[FIG. 2] FIG. 2is a figure which schematically shows
a state in which a plurality of terminal stations are
performing data transfer on a same channel by using
a wireless network (however, with no transmission
power control).

[FIG. 3] FIG. 3 is a figure which schematically shows
an example of a usage condition of the channel in
the network environment shown in FIG. 2.

[FIG. 4] FIG. 4 is a figure which schematically shows
a state in which a plurality of terminal stations are
performing data transfer on a same channel by using
awireless network (however, with transmission pow-
er control).

[FIG. 5] FIG. 5is a figure which schematically shows
an example of a usage condition of the channel in
the network environment shown in FIG. 4.

[FIG. 6] FIG. 6 is a flow chart which shows a process
procedure for the wireless communication apparatus
100 to control a transmission power in accordance
with a traffic amount of itself.

[FIG. 7] FIG. 7 is a flow chart which shows another
process procedure for the wireless communication
apparatus 100 to control a transmission power in ac-
cordance with a traffic amount of itself.

[FIG. 8] FIG. 8 is a figure which shows a graph rep-
resenting a relationship between a transmission
power and a traffic amount.

[FIG. 9] FIG. Qs a figure which illustrates a wireless
network environment in which a transmittable range
becomes non-uniform for each terminal station.
[FIG. 10] FIG. 10 is a figure which shows a virtual
transmittable range of another terminal station for a
terminal station which has a threshold of signal de-
tection raised.

[FIG. 11] FIG. 11 is a flow chart which shows a proc-
ess procedure for the wireless communication ap-
paratus 100 to control a transmission power in ac-
cordance with the number of presently handled links.
[FIG. 12] FIG. 12 is a flow chart which shows another
process procedure for the wireless communication
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apparatus 100 to control a transmission power in ac-
cordance with the number of presently handled links.
[FIG. 13] FIG. 13 is a figure which shows a graph
representing a relationship between a transmission
power and the number of links.

[FIG. 14] FIG. 14 is a flow chart which shows a proc-
ess procedure for the wireless communication ap-
paratus 100 to control a transmission power in ac-
cordance with a stability degree of a path.

[FIG. 15] FIG. 15is a flow chart which shows another
process procedure for the wireless communication
apparatus 100 to control a transmission power in ac-
cordance with a stability degree of a path.

[FIG. 16] FIG. 16 is a figure which shows a graph
representing a relationship between a transmission
power and a variation amount (a stability degree of
a path).

[FIG. 17] FIG. 17 is a flow chart which shows a proc-
ess procedure for the wireless communication ap-
paratus 100 to control a transmission power in ac-
cordance with the condition of itself.

[FIG. 18] FIG. 18 is a flow chart which shows a proc-
ess procedure for the wireless communication ap-
paratus 100 to positively control a transmission pow-
er.

[FIG. 19] FIG. 19 is a flow chart which shows a proc-
ess procedure for estimating a transmission power
without a notification of the transmission power.

Description of Embodiments

[0034] Hereinafter, embodiments of the technology
disclosed in the present disclosure will be described in
detail while referring to the figures.

[0035] The technology disclosed in the present disclo-
sure can be applied to a wireless network to which an
access system is applied based on CSMA, adopted by
IEEE802.11 or the like. For example, the technology dis-
closedinthe present disclosure can be applied to amesh
network such as prescribed by IEEE802.11s. In this type
of wireless network, it is assumed that a plurality terminal
stations are adjacently present which use a same chan-
nel. In such a case, problems such as shown in the fol-
lowing (1) to (4) will be a concern.

Problem (1) Reduction of a transmission opportunity in
the case where a traffic amount increases

[0036] In an access system based on CSMA, when a
traffic amount increases on a same channel, a transmit-
table opportunity reduces. In the case where a certain
terminal station does not want to perform communication
with aterminal station, where a path loss with this terminal
present at an extremely adjacent location is remarkably
small compared to a path loss with other stations, trans-
mission for collision avoidance will not be permitted,
when receiving a signal of another terminal station. That
is, when a traffic amount increases on a channel, the
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interference amount to an adjacent terminal station will
increase, and the band used by the adjacent terminal
station will be limited.

Problem (2) Enlargement of unnecessary interference

[0037] In an access system based on CSMA, when a
certainterminal station performs transmission and recep-
tion, this data becomes interference for adjacent terminal
stations other than the reception station which use a
same channel. When performing data transmission with
a transmission power higher than necessary, by a link
with a good transfer environment, a transmission oppor-
tunity of other terminal stations becomes wastefully re-
duced.

Problem (3) Occurrence of a relay opportunity by a ter-
minal station with a low power supply capacity

[0038] In a mesh network such as prescribed by
IEEE802.11s, a mutual connection is performed, be-
tween transmission and reception terminal stations at
which electric waves do not directly reach, by multi-hop
communication in which an adjacent terminal station per-
forms arelay. In the case where a plurality of paths exist,
a metric is calculated for each path, and the path having
the best metric is selected. A metric is a value which
shows the closeness of a path, and information is gen-
erally used which shows the quality of a link, such as the
number of hops or transfer delay, a strength of a wireless
link, a bandwidth, or a channel occupation time (for ex-
ample, refer to Patent Literature 2). However, path se-
lection is hardly ever performed in consideration of the
circumstances of a relaying terminal station.

[0039] There are terminal stations in which stable pow-
er is supplied from an AC power supply, and there are
terminal stations which operate by batteries. When per-
forming a relay of another terminal station, in a state
where a power supply capacity is low, it can become
difficult for the latter to secure a necessary power supply
for data transfer of itself. Further, cases are possible
where a terminal station, which performs a large amount
of data transfer with only an adjacent terminal station, is
temporarily not able to perform a relay. The circumstanc-
es for each of such terminal stations is not considered,
in path selection based on a metric calculation. It can
also be considered that a terminal station, for which a
relay is not wanted to be performed, is cut from the mesh
network, and a separate link is set by Wi-Fi Direct or the
like. However, in the case where the wireless band is
tight, such as having a large number of terminal stations
adjacently present which use a same channel, such a
separate link will become interference of the adjacent
terminal stations, and so a fundamental solution is not
reached.
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Problem (4) Difficulty of an estimation of a path loss in
the case where performing transmission power control

[0040] A terminal station measures a reception power
(RSSI: Received Signal Strength Indication) of a packet
received by a terminal station of a communication part-
ner, and estimates a path loss by taking a difference of
transmission powers. Also, an appropriate Modulation
and Coding Scheme (MCS) of a packet to be transmitted
to this communication partner is determined, based on
information of this path loss and a packet loss rate (an
MCS is an index number which shows a combination of
a Phy rate, an encoding rate, and a modulation system
used for packet transmission). However, the above de-
scribed estimation method of a path loss will have a pre-
condition of the transmission power of a terminal station
which becomes a communication partner being fixed (or
already known). In the case where each terminal station
performs transmission power control, the transmission
power is not fixed, and so a path loss is not able to be
estimated by measuring an RSSI. Therefore, a terminal
station is not able to select an appropriate MCS, and
efficient use of a channel becomes difficult.

[0041] Accordingly, in the technology disclosed in the
present disclosure, in a wireless network to which an ac-
cess system is applied based on CSMA, atleast one part
of a terminal station suppresses interference to other ter-
minal stations, and causes a transmission opportunity of
other terminal stations to not be wastefully reduced, by
controlling the transmission power based on an influence
degree given to surrounding terminal stations by data
transmission of the station itself.

[0042] FIG. 1 shows a configuration of a wireless com-
munication apparatus 100, applying the technology dis-
closed in the present disclosure, which can operate as a
terminal station in a wireless network to which an access
system is applied based on CSMA. The substance of the
wireless communication apparatus 100 is one of various
types of information devices in which a wireless LAN
function is installed, such as a multifunctional information
terminal such as a personal computer or a smartphone,
anetwork printer, or a network drive, in addition to a wire-
less device,.

[0043] The illustrated wireless communication appa-
ratus 100 includes a transmission unit 110, a reception
unit 120, a transmission and reception antenna 101
shared by the transmission unit 110 and the reception
unit 120, and an upper layer processing unit 130 which
performs the processes of transmission data to be trans-
mitted from the transmission unit 110 and reception data
received by reception unit 120. The transmission unit 110
and the reception unit 120 mainly perform processes of
a physical (Phy) layer. Further, the upper layer process-
ing unit 130 performs processes of a media connection
control (Media Access Control: MAC) based on CSMA,
and processes corresponding to an upper layer more
than that of a MAC layer.

[0044] The upper layer processing unit 130 starts a
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prescribed application, for example, in accordance with
arequest of a user or the like. The application generates
transmission data to be transmitted to a terminal station
which becomes a communication partner, and performs
a process of reception data which can be sent from the
communication partner.

[0045] The transmission unit 110 includes a channel
encoding unit 111, a modulation unit 112, an RF trans-
mission unit 113, and a transmission power control unit
114.

[0046] The channel encoding unit 111 encodes the
transmission data handed over from the upper layer
processing unit 130, and additionally performs error cor-
rection encoding. The modulation unit 112 applies amod-
ulation process such as OFDM to the error correction
encoded transmission data. Also, the RF transmission
unit 113 converts a digital signal after being modulated
into an analogue signal, additionally performs an RF
transmission process such as up-conversion or power
amplification to an RF band, and afterwards performs
sending from the antenna 101. The transmission power
control unit 114 outputs an instruction value of power
amplification to the RF transmission unit 113, in accord-
ance with an instruction from an influence degree esti-
mation unit 124, which will be described below, and con-
trols the transmission power.

[0047] Thereceptionunit120includes an RF reception
unit 121, a demodulation unit 122, a channel decoding
unit 123, an influence degree estimation unit 124, and a
signal detection capability control unit 125.

[0048] The RF reception unit 121 performs an RF re-
ception process such as low noise amplification, down-
conversion, or conversion to a digital signal, of a signal
received by the antenna 101. The demodulation unit 122
applies a demodulation process such as OFDM to a re-
ceived digital signal. Also, the channel decoding unit 123
decodes reception data after being demodulated, and
hands it over to the upper layer processing unit 130, by
additionally performing error correction.

[0049] The signal detection capability control unit 125
changes a signal detection capability in the demodulation
unit 122 within the reception unit 120, for example, in
accordance with an instruction from the influence degree
estimation unit 124. Here, signal detection generally de-
tects the presence of signal with a preamble portion of a
received packet, and is attached to a position as a part
of a synchronization process. Therefore, the signal de-
tection capability control unit 125 can control the signal
detection capability by changing a threshold set for pre-
amble detection. Alternatively, in the case where a switch
and attenuator are inserted into a signal reception system
and the signal detection capability is wanted to be low-
ered, a means can be taken for adopting a reception sig-
nal as a reception signal via an attenuator. Alternatively,
a means can be taken for adjusting a bit width of AD
conversion. In the case where the signal detection capa-
bility is lowered, a large quantitative error is allowed by
performing AD conversion with a small bit width, and an
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SNR of a received signal is caused to be equivalently
reduced.

[0050] The influence degree estimation unit 124 ex-
tracts a characteristic amount from transmission data to
be input to the channel encoding unit 111 and reception
data after being decoded by the channel decoding unit
123, and estimates an influence degree given to sur-
rounding terminal stations at the time when performing
data transmission by the present transmission power
from the transmission unit 110, based on this extraction
result. A traffic amount to be transmitted and received by
itself, the number of links, a metric of a path, a stability
of a path or the like is extracted, for example, as the
characteristic amount. In order for the influence degree
estimation unit 124 to extract a traffic amount, the number
of packets or a size of packet to be transmitted and re-
ceived by itself is counted, by monitoring the channel
encoding unit 111 and the channel decoding unit 123.
[0051] Also, the influence degree estimation unit 124
suppresses interference to other terminal stations, and
arbitrarily outputs a change instruction of the transmis-
sion power to the transmission power control unit 114,
so as not to cause a transmission opportunity of other
terminal stations to be reduced. Further, the influence
degree estimation unit 124 instructs a change of the sig-
nal detection capability in the demodulation unit 122 to
the signal detection capability control unit 125, so that a
transmittable range from the transmission unit 11 and a
receivable range in the reception unit 120 are balanced,
in accordance with a change of the transmission power.
The details of a control of the transmission power and
the signal detection capability will be made in the below
description.

[0052] Further, in addition to an influence degree given
to surrounding terminal stations, the influence degree es-
timation unit 124 can estimate acommunication condition
of itself, based on the above described extracted char-
acteristicamount or ameasurement value other than this.
The stability degree of a communication partner and this
path, the room to accept new traffic, the room of a link
condition of a peer or the like can be included, for exam-
ple, as the communication condition of the terminal sta-
tion itself. The details will refer to the third embodiment,
which will be described below.

[0053] Note that, the influence degree estimation unit
124 can be arranged, not only in the reception unit 120,
but also in a separate location, such as the transmission
unit 110 or the upper layer processing unit 130.

[Embodiment 1]

[0054] Here, an embodiment will be described in which
a terminal station controls the transmission power in ac-
cordance with a traffic amount, in a wireless network in
which access control is performed to a media in accord-
ance with an occupancy state of the media.

[0055] FIG. 2 schematically shows a state in which a
plurality of terminal stations are performing data transfer



11 EP 3 030 011 A1 12

on a same channel by using a wireless network. Howev-
er, in the same figure, each of the terminal stations are
not performing a control of the transmission power.
[0056] In the illustrated example, 6 terminal stations
from STAO up to STAS are present. Also, data transmis-
sion is performed from the STAO to the STA1, in the di-
rection shown by arrow 201, data transmission is per-
formed from the STA2 tothe STAS, in the direction shown
by arrow 202, and data transmission is performed from
the STA4 to the STADb, in the direction shown by arrow
203. Note that, here, it is assumed to be the case where
each terminal station is connected by peer-to-peer and
performs transfer, such as Wi-Fi Direct or a mesh net-
work. Further, the transmittable range of the STAQ in the
case where not controlling the transmission power is rep-
resented by the oval shown by reference numeral 204.
While the STA1, 2, 3, and 4 are within the transmittable
range 204 of the STAO, the STAS is outside of this.
[0057] Further, FIG. 3 schematically shows an exam-
ple of a usage condition of the channel in the network
environment shown in FIG. 2. Within the figure, the hor-
izontal axis is set to a time axis, and channel occupation
times 301 to 307 of each terminal station are shown by
gray blocks.

[0058] The STA1, 2, 3, and 4 can receive a transmis-
sion signal from the STAO. Accordingly, it may be nec-
essary for these terminal stations to stop transmission of
data, by detecting an occupancy state of a media, at the
time bands 301, 302, 303, and 304 in which the STAO is
performing data transmission. Therefore, in the case
where a traffic amount of the STAO is large, the STA1,
2, 3, and 4 will have a reduced opportunity of data trans-
mission.

[0059] In a media access control system by CSMA, a
transmission opportunity is allocated equally to all of the
terminal stations including the STAO. However, in the
case where a traffic amount of the STAO obtaining a
transmission opportunity is large, there will be areduction
of a transmission opportunity of the terminal stations oth-
er than this.

[0060] On the other hand, FIG. 4 schematically shows
a state in which a plurality of terminal stations are per-
forming data transfer on a same channel by using a wire-
less network, in the case where transmission power con-
trol is performed.

[0061] Inthe example shown in FIG. 4, data transmis-
sion is performed from the STAO to the STA1, in the di-
rection shown by arrow 401, data transmission is per-
formed from the STA2 tothe STAS, in the direction shown
by arrow 402, and data transmission is performed from
the STA4 to the STADS, in the direction shown by arrow
403.

[0062] Here, when an increase of a traffic amount to
be transferred by itself is perceived, the STAO examines
a change of the transmission power. Specifically, the
STAO calculates a minimum transmission power which
becomes a necessary minimum limit at which data trans-
mission is capable, by taking into consideration a path
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loss with the STA1 which is a communication partner, a
necessary data transfer speed, and a Quality of Service
(QoS). Then, the STAO performs data transfer to the
STA1, by using the obtained transmission power. In this
way, as shown in FIG. 4, the transmittable range of the
STAO narrows such as shown by the reference numeral
404, and the STA3 and the STA4 are outside from this
range.

[0063] At this time, by also adjusting the transmittable
range ofthe STA3 and the STA4, the STA3 and the STA4
can occupancy the channel, regardless of the presence
or not of data transmission of the STAO, when it is as-
sumed that an electric wave does not reach to the STAO.
[0064] FIG. 5 schematically shows an example of a
usage condition of the channel in the network environ-
ment shown in FIG. 4. Within the figure, the horizontal
axis is set to a time axis, and channel occupation times
501 to 512 of each terminal station are shown by gray
blocks. As illustrated, itis possible to perform data trans-
fer by using a same channel, in the time bands 508, 509,
510, 511, and 512 which overlap with the time bands
501, 502, 503, and 504 in which the STAO is performing
datatransmission. Inthis way, by havingthe STAQ control
the transmission power, a reduction of a transmission
opportunity of surrounding terminal stations can be pre-
vented.

[0065] Note that, while an illustration is omitted, in the
case where a traffic amount to be handled by itself is low,
the STAO considers that there is a low probability of caus-
ing a transmission opportunity of other terminal stations
to be reduced, and performs data transfer by setting to
a usual transmission power.

[0066] FIG. 6 shows a process procedure, in the form
of a flow chart, for the wireless communication apparatus
100, which operates as the STAO, to control the trans-
mission power in accordance with a traffic amount of it-
self.

[0067] The influence degree estimation unit 124
counts the number of packets or a size of packet to be
transmitted and received by itself, by monitoring the
channel encoding unit 111 and the channel decoding unit
123, and measures a traffic amount to be handled by this
wireless communication apparatus 100, as an influence
degree given to surrounding terminal stations (step
S601).

[0068] Then, the influence degree estimation unit 124
checks whether or not the obtained traffic amount ex-
ceeds a prescribed threshold (step S602).

[0069] Here, in the case where the traffic amount ex-
ceeds a prescribed threshold (Yes in step S602), an in-
struction is output from the influence degree estimation
unit 124 to the transmission power control unit 114, so
as to perform a change of the transmission power to be
data transmitted from the transmission unit 110.

[0070] Inorderforachange of the transmission power,
first, @ minimum transmission power is calculated (step
S603). A minimum transmission power is a transmission
power which becomes a necessary minimum limit at
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which the present data transfer is able to be retained. A
minimum transmission power is calculated, for example,
in the influence degree estimation unit 123 or the upper
layer processing unit 130, based on a data transfer speed
necessary for presently transferred data, path loss infor-
mation obtained from an RSSI or MCS, and a QoS of
data.

[0071] Then, the transmission power control unit 114
outputs an instruction of power amplification to the RF
transmission unit 113, so as to change to the minimum
transmission power (step S604). Note that, the calculated
transmission power is used for all of the transmission
packets including a beacon.

[0072] By using a minimal transmission power corre-
sponding to the service of data to be transferred or a
QoS, the STAO performing data transfer can suppress
interference to other terminal stations, and can prevent
areduction of a transmission opportunity of other terminal
stations.

[0073] On the other hand, in the case where the traffic
amount does not exceed a prescribed threshold (No in
step S602), it can be considered that there is a low pos-
sibility of causing a transmission opportunity of surround-
ing terminal stations to be reduced. Accordingly, the in-
fluence degree estimation unit 124 performs an instruc-
tion to the transmission power control unit 114 so as to
return, to the original state, the transmission power re-
duced to the minimum transmission power (step S607),
and secures a transmittable range of the station itself.
[0074] At the time when the transmission power is
changed in step S604 or step S607, in combination with
this, the signal detection capability control unit 125 per-
forms an adjustment so as to not detect a packetreceived
with a low power, by changing the signal detection ca-
pability in the demodulation unit 122 within the reception
unit 120 (step S605). However, it will be arbitrary whether
or not an adjustment of the signal detection capability is
also performed, along with a change of the transmission
power.

[0075] Further, atthe time when the transmission pow-
er is changed in step S604 or step S607, there will be
the possibility that discrepancies in the actual value are
produced with the calculated path metric, and defects
occur such as a packet loss of the transmission data.
Accordingly, arecalculation of the path metricis executed
(step S606). For example, arecalculation of the path met-
ric is executed, by having the wireless communication
apparatus 100 transmit a path request (PREQ) at the
time when operating as a transmission source of multi-
hop transmission, or transmit a path error (PERR) at the
time when operating as a relay station. By changing the
transmission power, and afterwards performing a recal-
culation of the metric by the transmission of a PREQ or
PERR, it becomes possible for a terminal station to select
a path corresponding to the transmission power at an
early stage. However, it will be arbitrary whether or not
arecalculation of the path metricis also performed, along
with a change of the transmission power.
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[0076] Further, FIG. 7 shows another process proce-
dure, in the form of a flow chart, for the wireless commu-
nication apparatus 100, which operates as the STAQ, to
control the transmission power in accordance with a traf-
fic amount of itself.

[0077] First, the influence degree estimation unit 124
counts the number of packets or a size of packet to be
transmitted and received by itself, by monitoring the
channel encoding unit 111 and the channel decoding unit
123, and measures a traffic amount to be handled by this
wireless communication apparatus 100, as an influence
degree given to surrounding terminal stations (step
S601).

[0078] Next, in order for a change of the transmission
power, first, a minimum transmission power is calculated
(step S702). A minimum transmission power is a trans-
mission power which becomes a necessary minimum
limit at which the present data transfer is able to be re-
tained. A minimum transmission power is calculated, for
example, in the influence degree estimation unit 123 or
the upper layer processing unit 130, based on a data
transfer speed necessary for presently transferred data,
path loss information obtained from an RSSI or MCS,
and a QoS of data (same as above).

[0079] Then, when the transmission power is deter-
mined, based on a relationship between the traffic
amount obtained in step S701 and the minimum trans-
mission power obtained in step S702 (step S703), the
transmission power determination unit 114 outputs an
instruction of power amplification to the RF transmission
unit 113, so as to change to this transmission power (step
S704). Note that, the changed transmission power is
used for all of the transmission packets including a bea-
con.

[0080] Next, the signal detection capability control unit
125 performs an adjustment so as to not detect a packet
received with a low power, by changing the signal detec-
tion capability in the demodulation unit 122 within the
reception unit 120 (step S705). However, it will be arbi-
trary whether or not an adjustment of the signal detection
capability is also performed, along with a change of the
transmission power.

[0081] Further, since discrepancies in the actual value
are produced with the calculated path metric, and defects
occur such as a packet loss of the transmission data, by
the transmission power after being changed, a recalcu-
lation of the path metric is executed (step S706). How-
ever, it will be arbitrary whether or not a recalculation of
the path metric is also performed, along with a change
of the transmission power.

[0082] Here, a supplemental remark will be described
for a method which determines the transmission power
based on a relationship between the traffic amount and
the minimum transmission power in step S703.

[0083] For example, a look-up-table which obtains a
transmission power from the traffic amount and the min-
imum transmission power can be created in advance
based on experiments, simulation calculations or the like,
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this can be stored in a Read Only Memory (ROM) or the
like, and a transmission power can be obtained, by ap-
plying the values calculated in steps S701 and S702 to
this look-up-table.

[0084] Alternatively, an appropriate transmission pow-
er can be obtained, by creating a graph representing a
relationship between the transmission power and the traf-
fic amount, and applying the traffic amount obtained in
step S701 to this graph, such as shown in FIG. 8, based
on the values calculated by steps S701 and S702. In the
graph shownin FIG. 8, a maximum value 801 of the trans-
mission power is a value, for example, which is deter-
mined by an output limit of the RF transmission unit 113
within the transmission unit 110. Further, a minimum val-
ue 802 of the transmission power is a transmission power
which becomes a necessary minimum limit at which the
present data transfer is able to be retained, and is calcu-
lated in step S702. Further, a lower threshold 1 and an
upper threshold 2 of the traffic amount shown by refer-
ence numerals 803 and 804 are determined by a request
or the like of an application which requests data transfer.
In this way, when the present traffic amount 806 obtained
in step S701 is applied to the obtained graph 805, a trans-
mission power 807 is determined.

[0085] Further, a supplemental remark will be de-
scribed for a control of the signal detection capability of
the reception unit 120, performed in steps S604 and
S704.

[0086] When each of the terminal stations individually
perform transmission power control such as described
above, a condition will occur in which the transmission
power is different according to the terminal stations. In
such a case, there is a high possibility that the terminal
station with the largest transmission power will obtain a
transmission opportunity, and there is a concern that a
transmission opportunity will become non-uniform for
each of the terminal stations.

[0087] FIG. 9 illustrates a wireless network environ-
ment in which a transmittable range becomes non-uni-
form for each of the terminal stations. In the illustrated
example, 6 terminal stations from STAO up to STA5 are
present. Also, data transmission from the STAO to the
STA1 is performed, in the direction shown by arrow 901,
data transmission from the STA2 to the STA3 is per-
formed, in the direction shown by arrow 902, and data
transmission from the STA4 to the STAS5 is performed,
in the direction shown by arrow 903. Note that, here, it
is assumed to be the case where each terminal station
is connected by peer-to-peer and performs transfer, such
as Wi-Fi Direct or a mesh network.

[0088] The STAO lowers the transmission power. The
transmittable range of the STAO becomes small, such as
represented by the oval shown by reference numeral
904. On the other hand, the STA4 keeps a large trans-
mission power. The transmittable range of the STA4 is
represented by the oval shown by reference numeral
905, and includes the STAO. When wireless access is
performed based on CSMA in such a condition, the STAO
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can detect a signal transmitted from the STA4, and so
can stop a transmission of data, for example, when re-
ceiving an RTS packet of the STA4. On the other hand,
the STA4 is not able to detect a signal of the STAO, and
so is capable of performing data transmission of itself,
for example, without detecting an RTS packet of the
STAO.

[0089] Since such a non-uniformity of the transmission
opportunity reduces, the STAQ performs a control togeth-
er with the signal detection capability of itself, at the time
when changing the transmission power. That is, in the
STAQO, a threshold of signal detection changes in the de-
modulation unit 122 within the reception unit 120. The
STAO narrows the signal detection range, by raising a
threshold of signal detection in the demodulation unit
122, at the time when reducing the transmission power
of itself.

[0090] FIG. 10 shows a virtual transmittable range of
the STA4 for the STAO, at the time when the STAO raises
a threshold of signal detection. As illustrated, at the time
when the STAO reduces a transmittable range 1001 of
itself, an effect similar to narrowing the transmittable
range of the STA4 such as shown by reference numeral
1002 can be obtained, by additionally narrowing the sig-
nal detection range. Since the STAQ is not able to detect
asignal ofthe STA4, it becomes possible to perform data
transmission of itself, for example, without detecting an
RTS packet of the STA4.

[0091] Further, a supplemental remark will be de-
scribed for a recalculation of the path metric, performed
in steps S605 and S705.

[0092] In order to select a path, in a wireless mesh
network including IEEE802.11s, a value which shows the
closeness of the path, thatis, a path metric, is calculated.
In IEEE802.11s, the time which a channel is occupied at
the time when transmitting a data frame, calculated from
a transmission speed of a physical layer, a packet error
rate or the like, is prescribed as a default path metric.
[0093] In a wireless network, it is assumed that the
condition of the propagation environment and each of
the terminal stations changes moment by moment. Ac-
cordingly, a calculation of the path metric is performed
at fixed time intervals. However, when a terminal station
changes the transmission power or the signal detection
capability such as described above, there will be a high
possibility that discrepancies in the actual value are pro-
duced with the calculated path metric, and defects occur
such as a packet loss of the transmission data. Therefore,
in the case where changing the transmission power or
the signal detection capability of itself, it is preferable for
a terminal station to perform a recalculation of the path
metric.

[0094] A recalculation of the path metric is executed
by having a terminal station of a transmission source
transmit a path request PREQ packet, similar to at the
time of a usual path signal. However, at the time when a
terminal station, which is a relay node and not a trans-
mission source of data, changes the transmission power,
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a path metric is not able to be obtained by a method which
transmits a PREQ. Accordingly, a terminal station, which
is a relay node, transmits a path error PERR packet to a
terminal station of a transmission source. PERR is orig-
inally used in the case where a mesh path set for a de-
terioration of a wireless link or the like is not able to be
used, and prompts a refresh of the mesh path (a recal-
culation of the path metric) to a transmission source.
Therefore, the path metric is recalculated according to
this operation.

[0095] According to the first embodiment, by causing
the transmission power to be reduced, at the time when
a traffic amount to be transmitted and received by itself
increases, a terminal station which performs wireless ac-
cess based on CSMA on a mesh network can suppress
interference to other surrounding terminal stations, and
can prevent a reduction of a transmission opportunity of
other terminal stations. That is, the above described
problems (1) and (2) can be solved. By measuring the
number of and sizes of packets to be transmitted and
received, it is possible for a terminal station to compre-
hend the traffic amount to be transmitted and received
by itself, and perform a control of the transmission power
by this.

[0096] Further, according to the first embodiment, by
using a minimal transmission power corresponding to the
service of data to be transferred or a QoS, a terminal
station can suppress interference to other terminal sta-
tions, and can prevent a reduction of a transmission op-
portunity of other terminal stations.

[0097] Further, according to the first embodiment, by
performing a change of a signal detection capability to-
gether with a change in a transmission power of itself, a
terminal station can reduce the non-uniformity of a trans-
mission opportunity between terminal stations.

[0098] Further, according to the first embodiment, by
changing a transmission power or a signal detection ca-
pability of itself, and afterwards performing a recalcula-
tion of a path metric by the transmission of a PREQ or
PERR, it becomes possible for a terminal station to per-
form a selection of a path corresponding to the transmis-
sion power at an early stage.

[Embodiment 2]

[0099] Here, an embodiment will be described in which
a terminal station controls the transmission power in ac-
cordance with the number of links.

[0100] Thereis a high possibility that a terminal station
with a large number of current links will perform commu-
nication with many terminals. That is, it is suggested that
there is a high number of terminal stations which receive
an influence due to a channel occupation of a terminal
station with a large number of links. Therefore, it can be
considered that, by reducing the transmission power of
a terminal with a large number of links, a reduction of a
transmission opportunity of other terminal stations can
be prevented.
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[0101] FIG. 11 shows a process procedure, in the form
of a flow chart, for the wireless communication apparatus
100 to control the transmission power in accordance with
the number of presently handled links.

[0102] Theinfluence degree estimation unit 124 meas-
ures a link number presently handled by this wireless
communication apparatus 100, as an influence degree
given to surrounding terminal stations (step S1101).
[0103] Then, the influence degree estimation unit 124
checks whether or not the obtained number of links ex-
ceeds a prescribed threshold (step S1102).

[0104] Here, in the case where the number of links ex-
ceeds a prescribed threshold (Yes in step S1102), an
instruction is output from the influence degree estimation
unit 124 to the transmission power control unit 114, so
as to perform a change of the transmission power to be
data transmitted from the transmission unit 110.

[0105] Inorderforachange of the transmission power,
first, @ minimum transmission power is calculated (step
S1103). Aminimum transmission power is atransmission
power which becomes a necessary minimum limit at
which the present data transfer is able to be retained. A
minimum transmission power is calculated, for example,
in the influence degree estimation unit 123 or the upper
layer processing unit 130, based on a data transfer speed
necessary for presently transferred data, path loss infor-
mation obtained from an RSSI or MCS, and a QoS of
data.

[0106] Then, the transmission power control unit 114
outputs an instruction of power amplification to the RF
transmission unit 113, so as to change to the minimum
transmission power (step S1104). Note that, the calcu-
lated transmission power is used for all of the transmis-
sion packets including a beacon.

[0107] By causing the transmission power to be re-
duced in accordance with an increase of the number of
links to be handled, a terminal station can suppress in-
terference to other terminal stations, and can cause a
transmission opportunity of other terminal stations to be
improved.

[0108] On the other hand, in the case where the
number of links currently handled does not exceed a pre-
scribed threshold (No in step S1102), it can be consid-
ered that there is a low possibility of causing a transmis-
sion opportunity of surrounding terminal stations to be
reduced. Accordingly, the influence degree estimation
unit 124 performs an instruction to the transmission pow-
er control unit 114 so as to return, to the original state,
the transmission power reduced to the minimum trans-
mission power (step S1107), and secures a transmittable
range of the station itself.

[0109] At the time when the transmission power is
changed in step S1104 or step S1107, in combination
with this, the signal detection capability control unit 125
performs an adjustment so as to not detect a packet re-
ceived with a low power, by changing the signal detection
capability in the demodulation unit 122 within the recep-
tion unit 120 (step S1105) (same as above). However, it
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will be arbitrary whether or not an adjustment of the signal
detection capability is also performed, along with a
change of the transmission power.

[0110] Further, atthe time when the transmission pow-
eris changed in step S1104 or step S 1107, there will be
the possibility that discrepancies in the actual value are
produced with the calculated path metric, and defects
occur such as a packet loss of the transmission data.
Accordingly, arecalculation of the path metricis executed
(step S1106). For example, a recalculation of the path
metric is executed, by having the wireless communica-
tion apparatus 100 transmit a path request (PREQ) at
the time when operating as a transmission source of mul-
ti-hop transmission, or transmit a path error (PERR) at
the time when operating as a relay station. By changing
the transmission power, and afterwards performing a re-
calculation of the metric by the transmission of a PREQ
or PERR, it becomes possible for a terminal station to
select a path corresponding to the transmission power
at an early stage (same as above). However, it will be
arbitrary whether or not a recalculation of the path metric
is also performed, along with a change of the transmis-
sion power.

[0111] Further, FIG. 12 shows another process proce-
dure, in the form of a flow chart, for the wireless commu-
nication apparatus 100 to control the transmission power
in accordance with the number of presently handled links.
[0112] First, the influence degree estimation unit 124
measures the number of links currently handled by this
wireless communication apparatus 100, as an influence
degree given to surrounding terminal stations (step
S1201).

[0113] Next, in order for a change of the transmission
power, first, a minimum transmission power is calculated
(step S1202). A minimum transmission power is a trans-
mission power which becomes a necessary minimum
limit at which the present data transfer is able to be re-
tained. A minimum transmission power is calculated, for
example, in the influence degree estimation unit 123 or
the upper layer processing unit 130, based on a data
transfer speed necessary for presently transferred data,
path loss information obtained from an RSSI or MCS,
and a QoS of data (same as above).

[0114] Then, when the transmission power is deter-
mined, based on a relationship between the number of
links obtained in step S1201 and the minimum transmis-
sion power obtained in step S1202 (step S1203), the
transmission power determination unit 114 outputs an
instruction of power amplification to the RF transmission
unit 113, so as to change to this transmission power (step
S1204). Note that, the changed transmission power is
used for all of the transmission packets including a bea-
con.

[0115] Next, the signal detection capability control unit
125 performs an adjustment so as to not detect a packet
received with a low power, by changing the signal detec-
tion capability in the demodulation unit 122 within the
reception unit 120 (step S1205) (same as above). How-
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ever, it will be arbitrary whether or not an adjustment of
the signal detection capability is also performed, along
with a change of the transmission power.

[0116] Further, since discrepancies in the actual value
are produced with the calculated path metric, and defects
occur such as a packet loss of the transmission data, by
the transmission power after being changed, a recalcu-
lation of the path metric is executed (step S1206). How-
ever, it will be arbitrary whether or not a recalculation of
the path metric is also performed, along with a change
of the transmission power.

[0117] Here, a supplemental remark will be described
for a method which determines the transmission power
based on arelationship between the number of links and
the minimum transmission power in step S1203.

[0118] For example, a look-up-table which obtains a
transmission power from the number of links and the min-
imum transmission power can be created in advance
based on experiments, simulation calculations or the like,
this can be stored in a Read Only Memory (ROM) or the
like, and a transmission power can be obtained, by ap-
plying the values calculated in steps S1201 and S1202
to this look-up-table.

[0119] Alternatively, an appropriate transmission pow-
er can be obtained, by creating a graph representing a
relationship between the transmission power and the
number of links, and applying the number of links ob-
tained in step S1201 to this graph, such as shown in FIG.
13, based on the values calculated by steps S1201 and
S$1202. In the graph shown in FIG. 13, a maximum value
1301 of the transmission power is a value, for example,
which is determined by an output limit of the RF trans-
mission unit 113 within the transmission unit 110. Further,
a minimum value 1302 of the transmission power is a
transmission power which becomes a necessary mini-
mum limit at which the present data transfer is able to be
retained, andis calculated in step S1202. Further, alower
threshold 1 and an upper threshold 2 of the number of
links shown by reference numerals 1303 and 1304 are
determined by arequest or the like of an application which
requests data transfer. In this way, when the present
number of links 1306 obtained in step S1301 is applied
to the obtained graph 1305, a transmission power 1307
is determined.

[0120] According to the second embodiment, by caus-
ing the transmission power to be reduced, at the time
when the number of links handled by itself increases, a
terminal station which performs wireless access based
on CSMA on a mesh network can suppress interference
to other surrounding terminal stations, and can prevent
areduction of a transmission opportunity of other terminal
stations. That is, the above described problems (1) and
(2) can be solved.

[0121] Further, according to the second embodiment,
by using a minimal transmission power corresponding to
the service of data to be transferred or a QoS, a terminal
station can suppress interference to other terminal sta-
tions, and can prevent a reduction of a transmission op-
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portunity of other terminal stations.

[0122] Further, according to the second embodiment,
by performing a change of a signal detection capability
together with a change in a transmission power of itself,
a terminal station can reduce the non-uniformity of a
transmission opportunity between terminal stations.
[0123] Further, according to the second embodiment,
by changing a transmission power or a signal detection
capability of itself, and afterwards performing a recalcu-
lation of a path metric by the transmission of a PREQ or
PERR, it becomes possible for a terminal station to per-
form a selection of a path corresponding to the transmis-
sion power at an early stage.

[Embodiment 3]

[0124] In the first and second embodiments, a terminal
station performs a control of the transmission power, by
taking into consideration an influence degree given to
other terminal stations by data transmission and recep-
tion of itself. For example, an influence to other terminal
stations is estimated based on a traffic amount to be
transmitted and received by itself and the number of han-
dled links, and interference to other terminal stations is
suppressed by controlling the transmission power. In
contrast to this, in a third embodiment, a terminal station
performs a control of the transmission power, by taking
into consideration an influence degree given to itself by
data transmission and reception of itself.

[0125] Itis possible for a terminal station to control the
transmission power according to the condition of the ter-
minal station itself, regardless of the condition of the sur-
roundings, and an effect by this can also be obtained.
Hereinafter, a number of methods will be described in
detail in which the transmission power is controlled by
the circumstances of a terminal station itself.

(1) Transmission power control at the time when a com-
munication partner and this path are stable

[0126] At the time when a communication partner of
traffic handled by a terminal station, and this path, are
stable, it can be considered that it will be difficult for sud-
den variations in a wireless link to occur in this terminal
station. Therefore, by lowering the transmission power
secured as a margin for surely performing data transmis-
sion, the terminal station can cause areduction of a trans-
mission opportunity of other terminal stations to be im-
proved. For example, the stability degree of a path can
be estimated based on a variation amount of a path met-
ric, the number of links, and a traffic amount.

[0127] Accordingly, the influence degree estimation
unit 124 estimates the stability degree of a path as an
influence degree given to itself by data transmission and
reception of itself, and the transmission power control
unit 114 performs a control of the transmission power in
accordance with the stability degree of the path.

[0128] FIG. 14 shows a process procedure, in the form
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of a flow chart, for the wireless communication apparatus
100 to control the transmission power in accordance with
the stability degree of a path.

[0129] Theinfluence degree estimation unit 124 meas-
ures at least one from among a path metric, the number
of links, and a traffic amount only for a fixed time, and
retains a variation amount of a past fixed time, as a value
which shows the stability degree of a path (step S1401).
[0130] Then, the influence degree estimation unit 124
checks whether or not the retained variation amount is
at a prescribed threshold or below (step S1402).

[0131] Here, in the case where the variation amount is
at a prescribed threshold or below (Yes in step S1402),
the path of this terminal station can be considered to be
stable. Therefore, an instruction is output from the influ-
ence degree estimation unit 124 to the transmission pow-
er control unit 114, so as to perform a change of the
transmission power which performs data transmission
from the transmission unit 110.

[0132] Inorderforachange of the transmission power,
first, a minimum transmission power is calculated (step
S1403). Aminimum transmission power is atransmission
power which becomes a necessary minimum limit at
which the present data transfer is able to be retained. A
minimum transmission power is calculated, for example,
in the influence degree estimation unit 123 or the upper
layer processing unit 130, based on a data transfer speed
necessary for presently transferred data, path loss infor-
mation obtained from an RSSI or MCS, and a QoS of
data.

[0133] Then, the transmission power control unit 114
outputs an instruction of power amplification to the RF
transmission unit 113, so as to change to the minimum
transmission power (step S1404). Note that, the calcu-
lated transmission power is used for all of the transmis-
sion packets including a beacon.

[0134] By causing the transmission power to be re-
duced atthe time when a path is stable, a terminal station
can suppress interference to other terminal stations, and
can cause a transmission opportunity of other terminal
stations to be improved.

[0135] On the other hand, in the case where the vari-
ation amount exceeds a prescribed threshold (No in step
S1402), the path of this terminal station can be consid-
ered to be not stable. In this case, it can be considered
that it may be necessary to secure a margin of the trans-
mission power for surely performing data transmission.
Accordingly, the influence degree estimation unit 124
performs an instruction to the transmission power control
unit 114 so as to return, to the original state, the trans-
mission power reduced to the minimum transmission
power (step S1407).

[0136] At the time when the transmission power is
changed in step S1404 or step S1407, in combination
with this, the signal detection capability control unit 125
performs an adjustment so as to not detect a packet re-
ceived with a low power, by changing the signal detection
capability in the demodulation unit 122 within the recep-
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tion unit 120 (step S1405) (same as above). However, it
will be arbitrary whether or not an adjustment of the signal
detection capability is also performed, along with a
change of the transmission power.

[0137] Further, atthe time when the transmission pow-
er is changed in step S1404 or step S1407, there will be
the possibility that discrepancies in the actual value are
produced with the calculated path metric, and defects
occur such as a packet loss of the transmission data.
Accordingly, arecalculation of the path metricis executed
(step S1406). For example, a recalculation of the path
metric is executed, by having the wireless communica-
tion apparatus 100 transmit a path request (PREQ) at
the time when operating as a transmission source of mul-
ti-hop transmission, or transmit a path error (PERR) at
the time when operating as a relay station. By changing
the transmission power, and afterwards performing a re-
calculation of the metric by the transmission of a PREQ
or PERR, it becomes possible for a terminal station to
select a path corresponding to the transmission power
at an early stage (same as above). However, it will be
arbitrary whether or not a recalculation of the path metric
is also performed, along with a change of the transmis-
sion power.

[0138] Further, FIG. 15 shows another process proce-
dure, in the form of a flow chart, for the wireless commu-
nication apparatus 100 to control the transmission power
in accordance with the stability degree of a path.

[0139] First, the influence degree estimation unit 124
measures at least one from among a path metric, the
number of links, and a traffic amount only for a fixed time,
and retains a variation amount of a past fixed time, as a
value which shows the stability degree of a path (step
S1501).

[0140] Next, in order for a change of the transmission
power, first, a minimum transmission power is calculated
(step S1502). A minimum transmission power is a trans-
mission power which becomes a necessary minimum
limit at which the present data transfer is able to be re-
tained. A minimum transmission power is calculated, for
example, in the influence degree estimation unit 123 or
the upper layer processing unit 130, based on a data
transfer speed necessary for presently transferred data,
path loss information obtained from an RSSI or MCS,
and a QoS of data.

[0141] Then, when the transmission power is deter-
mined, based on a relationship between the variation
amount obtained in step S1501 and the minimum trans-
mission power obtained in step S1502 (step S1503), the
transmission power determination unit 114 outputs an
instruction of power amplification to the RF transmission
unit 113, so as to change to this transmission power (step
S1504). Note that, the changed transmission power is
used for all of the transmission packets including a bea-
con.

[0142] Next, the signal detection capability control unit
125 performs an adjustment so as to not detect a packet
received with a low power, by changing the signal detec-
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tion capability in the demodulation unit 122 within the
reception unit 120 (step S1505) (same as above). How-
ever, it will be arbitrary whether or not an adjustment of
the signal detection capability is also performed, along
with a change of the transmission power.

[0143] Further, since discrepancies in the actual value
are produced with the calculated path metric, and defects
occur such as a packet loss of the transmission data, by
the transmission power after being changed, a recalcu-
lation of the path metric is executed (step S1506). How-
ever, it will be arbitrary whether or not a recalculation of
the path metric is also performed, along with a change
of the transmission power.

[0144] Here, a supplemental remark will be described
for a method which determines the transmission power
based on a relationship between the variation amount
(stability degree of path) and the minimum transmission
power in step S1503.

[0145] For example, a look-up-table which obtains a
transmission power from the variation amount and the
minimum transmission power can be created in advance
based on experiments, simulation calculations or the like,
this can be stored in a Read Only Memory (ROM) or the
like, and a transmission power can be obtained, by ap-
plying the values calculated in steps S1501 and S1502
to this look-up-table.

[0146] Alternatively, an appropriate transmission pow-
er can be obtained, by creating a graph representing a
relationship between the transmission power and the var-
iation amount (stability degree of path), and applying the
variation amount (stability degree of path) obtained in
step S1501 to this graph, such as shownin FIG. 16, based
on the values calculated by steps S1501 and S1502. In
the graph shown in FIG. 16, a maximum value 1601 of
the transmission power is a value, for example, which is
determined by an output limit of the RF transmission unit
113 within the transmission unit 110. Further, a minimum
value 1602 of the transmission power is a transmission
power which becomes a necessary minimum limit at
which the present data transfer is able to be retained,
and is calculated in step S1502. Further, a lower thresh-
old 1 and an upper threshold 2 of the variation amount
shown by reference numerals 1603 and 1604 are deter-
mined by a request or the like of an application which
requests data transfer. In this way, when the variation
amount 1506 obtained in step S1501 is applied to the
obtained graph 1605, a transmission power 1607 is de-
termined.

[0147] Notethat,inthe case where newtraffichas been
generated, such as a new application starting up by the
upper layer processing unit 130, the wireless communi-
cation apparatus 100 reconsiders the setting of the trans-
mission power, at a regular timing. In this case, the trans-
mission power may return up until a maximum value, and
a minimal transmission power may be recalculated. Re-
consideration of the setting of the transmission power, in
accordance with the start of a new application and at a
regular timing, corresponds not only to the third embod-
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iment, but also to the first embodiment and the second
embodiment.

[0148] By performing a control of the transmission
power in accordance with the stability degree of a path
such as shown in FIG. 14 and FIG. 15, the wireless com-
munication apparatus 100 can improve a transmission
opportunity of other terminal stations, in the case where
a terminal station which becomes a communication part-
neris fixed, and data to be transmitted and received does
not vary.

(2) Transmission power control for limiting the addition
of new links

[0149] There is a difficult condition in which a terminal
station which is busy with data transmission and recep-
tion of itself and has no room to accept new traffic, or a
terminal station which has no room for power in order to
operate by batteries, provides a release for other terminal
stations. However, in a wireless mesh network, a path
metric is calculated and a relay node is set based on this
result. In other words, since a condition such as that de-
scribed above within a relay node is not considered in
the selection of a path, the possibility of providing an un-
desirable link is produced, such as including a terminal
station in a relay node which has no room for a resource.
[0150] Accordingly, the influence degree estimation
unit 124 comprehends the condition of a terminal station
itself as an influence degree given to itself by data trans-
mission and reception of itself, and the transmission pow-
er control unit 114 performs a control of the transmission
power in accordance with the condition of the terminal
station itself.

[0151] For example, in the case where there is a con-
dition in which it may be necessary for a terminal station
to avoid the occurrence of new links, data transfer is per-
formed by a minimal transmission power at which the
present traffic is able to be provided. When the terminal
station changes the transmission power, a recalculation
of a path metric is executed. As a result of this, there will
be a low possibility of a terminal station set to a minimal
transmission power being used as arelay node of another
link.

[0152] Further, at the time when a limit of new links
becomes unnecessary, such having the present traffic
of itself ended, or connecting to an AC power supply, a
terminal station has new links accepted (as arelay node),
by returning the transmission power to the original state.
[0153] FIG. 17 shows a process procedure, in the form
of a flow chart, for the wireless communication apparatus
100 to control the transmission power in accordance with
the condition of itself.

[0154] First, the influence degree estimation unit 124
comprehends the condition of the wireless communica-
tion apparatus 100 itself (step S1701). In order to com-
prehend the condition of the wireless communication ap-
paratus 100 itself, the influence degree estimation unit
124 may cooperate, for example, with the upper layer
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processing unit 130, or a function module other than this
(notillustrated in FIG. 1).

[0155] Then, the influence degree estimation unit 124
checks whether or not the addition of new links is to be
limited, based on the comprehended condition (step
S$1702).

[0156] For example, in the case where it is busy with
data transmission and reception of itself and there is no
room to accept new traffic, or there is no room for power
in order to operate by batteries, it is decided that the
addition of new links is to be limited (Yes in step S1702).
In this case, an instruction is output from the influence
degree estimation unit 124 to the transmission power
control unit 114, so as to perform a change of the trans-
mission power which performs data transmission from
the transmission unit 110.

[0157] Inorderforachange of the transmission power,
first, a minimum transmission power is calculated (step
S1703). Aminimum transmission power is atransmission
power which becomes a necessary minimum limit at
which the present data transfer is able to be retained. A
minimum transmission power is calculated, for example,
in the influence degree estimation unit 123 or the upper
layer processing unit 130, based on a data transfer speed
necessary for presently transferred data, path loss infor-
mation obtained from an RSSI or MCS, and a QoS of
data.

[0158] Then, the transmission power control unit 114
outputs an instruction of power amplification to the RF
transmission unit 113, so as to change to the minimum
transmission power (step S1704). Note that, the calcu-
lated transmission power is used for all of the transmis-
sion packets including a beacon.

[0159] A terminal station can limit the addition of new
links, by causing the transmission power to be reduced,
and can be devoted to data transmission and reception
of itself, or can secure a battery operation time.

[0160] On the other hand, at the time where it may not
be necessary to limit the addition of new links, by having
a limit of new links become unnecessary or the like, such
as having the present traffic of itself ended, or connecting
to an AC power supply (No in step S1702), the influence
degree estimation unit 124 performs an instruction to the
transmission power control unit 114 so as to return, to
the original state, the transmission power reduced to the
minimum transmission power (step S1707). In this way,
this wireless communication apparatus 100 has new links
accepted which become a relay node. Further, a margin
of the transmission power for surely performing data
transmission can be secured.

[0161] At the time when the transmission power is
changed in step S1704 or step S1707, in combination
with this, the signal detection capability control unit 125
performs an adjustment so as to not detect a packet re-
ceived with a low power, by changing the signal detection
capability in the demodulation unit 122 within the recep-
tion unit 120 (step S1705) (same as above). However, it
will be arbitrary whether or not an adjustment of the signal
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detection capability is also performed, along with a
change of the transmission power.

[0162] Further, atthe time when the transmission pow-
er is changed in step S1704 or step S1707, there will be
the possibility that discrepancies in the actual value are
produced with the calculated path metric, and defects
occur such as a packet loss of the transmission data.
Accordingly, arecalculation of the path metricis executed
(step S1706). For example, a recalculation of the path
metric is executed, by having the wireless communica-
tion apparatus 100 transmit a path request (PREQ) at
the time when operating as a transmission source of mul-
ti-hop transmission, or transmit a path error (PERR) at
the time when operating as a relay station. By changing
the transmission power, and afterwards performing a re-
calculation of the metric by the transmission of a PREQ
or PERR, it becomes possible for a terminal station to
select a path corresponding to the transmission power
at an early stage (same as above). However, it will be
arbitrary whether or not a recalculation of the path metric
is also performed, along with a change of the transmis-
sion power.

(3) Transmission power control in the case where there
is room for a link condition of a peer

[0163] Up until here, embodiments have been de-
scribed in which a control of the transmission power is
performed, by taking into consideration an influence de-
gree which a terminal station gives to other terminal sta-
tions by data transmission and reception of itself, and a
request according the condition of itself.

[0164] However, in the case where there is no influ-
ence degree to other terminal stations or no request of
itself, by positively controlling the transmission power, it
will be useful for an improvement of a transmission op-
portunity of other terminal stations. Such a positive trans-
mission power control can be performed in the case
where a terminal station has room for a link condition of
a peer.

[0165] FIG. 18 shows a process procedure, in the form
of a flow chart, for the wireless communication apparatus
100 to positively control the transmission power.

[0166] First, the influence degree estimation unit 124
estimates a link condition of a peer of the wireless com-
munication apparatus 100 itself (step S1801). The influ-
ence degree estimation unit 124 estimates a link condi-
tion of a peer with this terminal station, for example,
based on an MCS used for transmission to a certain ter-
minal station, a reception RSSI from this terminal station,
and a report value of an RSSI from this terminal station.
In order to comprehend a link condition of a peer, the
influence degree estimation unit 124 may cooperate, for
example, with the upper layer processing unit 130, or a
function module other than this (not illustrated in FIG. 1).
[0167] Then, the influence degree estimation unit 124
checks whether or not the addition of new links is to be
limited, based on the comprehended condition (step
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$1802).

[0168] For example, in the case where an MCS (or a
Phy rate) used for transmission to this terminal station is
sufficiently high, and there is still room for a reception
RSSI from this terminal station and a report value of an
RSSI from this terminal station, it is decided that there is
room for a link condition of this peer (Yes in step S1802).
In this case, an instruction is output from the influence
degree estimation unit 124 to the transmission power
control unit 114, so as to perform a change of the trans-
mission power which performs data transmission from
the transmission unit 110.

[0169] Inorderforachange of the transmission power,
first, a minimum transmission power to transmit a packet
to this terminal station is calculated (step S1803). A min-
imum transmission power is a transmission power which
becomes a necessary minimum limit at which the present
data transfer is able to be retained. A minimum transmis-
sion power is calculated, for example, in the influence
degree estimation unit 123 or the upper layer processing
unit 130, based on a data transfer speed necessary for
presently transferred data, path loss information ob-
tained from an RSSI or MCS, and a QoS of data.
[0170] Then, the transmission power control unit 114
outputs an instruction of power amplification to the RF
transmission unit 113, so as to change the transmission
power of a transmission packet to this terminal station to
the minimum transmission power (step S1804). By caus-
ing the transmission power used for a link of a peer to be
reduced, it will be useful for an improvement of a trans-
mission opportunity of other terminal stations.

[0171] On the other hand, in the case where there is
no room for a link condition of a peer (No in step S1802),
the influence degree estimation unit 124 performs an in-
struction to the transmission power control unit 114 so
as to return, to the original state, the transmission power
reduced to the minimum transmission power (step
S1807). In this way, a link of a peer is maintained.
[0172] At the time when the transmission power is
changed in step S1804 or step S1807, in combination
with this, the signal detection capability control unit 125
performs an adjustment so as to not detect a packet re-
ceived with a low power, by changing the signal detection
capability in the demodulation unit 122 within the recep-
tion unit 120 (step S1805) (same as above). However, it
will be arbitrary whether or not an adjustment of the signal
detection capability is also performed, along with a
change of the transmission power.

[0173] Further, atthe time when the transmission pow-
er is changed in step S1804 or step S1807, there will be
the possibility that discrepancies in the actual value are
produced with the calculated path metric, and defects
occur such as a packet loss of the transmission data.
Accordingly, arecalculation of the path metric is executed
(step S1806). For example, a recalculation of the path
metric is executed, by having the wireless communica-
tion apparatus 100 transmit a path request (PREQ) at
the time when operating as a transmission source of mul-
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ti-hop transmission, or transmit a path error (PERR) at
the time when operating as a relay station. By changing
the transmission power, and afterwards performing a re-
calculation of the metric by the transmission of a PREQ
or PERR, it becomes possible for a terminal station to
select a path corresponding to the transmission power
at an early stage (same as above). However, it will be
arbitrary whether or not a recalculation of the path metric
is also performed, along with a change of the transmis-
sion power.

[0174] According to the third embodiment, by control-
ling the transmission power based on the condition of
itself, such as the form of the power supply, the trans-
mission and reception partner, or the time, it becomes
possible for the wireless communication apparatus 100
to perform a setting of a smooth path in a mesh network,
such as changing the path metric or avoiding an unnec-
essary relay.

[0175] Further, according to the third embodiment, by
using a minimal transmission power corresponding to the
service of data to be transferred or a QoS, a terminal
station can suppress interference to other terminal sta-
tions, and can prevent a reduction of a transmission op-
portunity of other terminal stations.

[0176] Further, according to the third embodiment, by
performing a change of a signal detection capability to-
gether with a change in a transmission power of itself, a
terminal station can reduce the non-uniformity of a trans-
mission opportunity between terminal stations.

[0177] Further, according to the third embodiment, by
changing a transmission power or a signal detection ca-
pability of itself, and afterwards performing a recalcula-
tion of a path metric by the transmission of a PREQ or
PERR, it becomes possible for a terminal station to per-
form a selection of a path corresponding to the transmis-
sion power at an early stage.

[Embodiment 4]

[0178] In order for a terminal station to determine a
transmission parameter such as an MCS, information of
a path loss may be necessary. In the case where there
is no transmission power control, that is, in the case
where the transmission power of all terminal stations is
fixed, a reception RSSI can be measured from a certain
terminal station, and a path loss can be estimated by
taking a difference with the transmission powers. How-
ever, in the above described first through to third embod-
iments, since a terminal station performs a control of the
transmission power, the transmission power of other ter-
minal stations is unclear, and a path loss is not able to
be estimated. Accordingly, the above described problem
(4) is brought about.

[0179] Accordingly, hereinafter, a method will be de-
scribed in which a number of transmission powers of oth-
er terminals are acquired.
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(1) Method in which transmission power information is
added to an existing frame and transmitted

[0180] A beacon frame can be included as an existing
frame to which transmission power information is added.
In a wireless LAN standard such as IEEE802.11, in order
to transfer whether or not communication is possible, a
communication station prescribes that a beacon frame
is to be broadcast in a fixed time interval. Various infor-
mation elements (Information Element: IE) can be stored
in a frame body of a beacon frame. A Vendor Specific IE
is defined as one of these. A Vendor Specific IE is an
information element capable of being freely added and
used by a vendor. In the present embodiment, by storing
information of the transmission power in this information
element within a beacon frame, and mutually using it,
each of the terminal stations can mutually acquire the
transmission power.

[0181] Further, a notification frame of the transmission
power can be included as an existing frame to which
transmission power informationis added. In IEEE802.11,
a mechanism which notifies the transmission power is
prepared, with the aim of suppressing interference to oth-
er systems mainly using 5 GHz. According to this mech-
anism, a frame Transmit Power Control (TPC) Request,
in which one of the terminal stations requests a notifica-
tion of the transmission power to another terminal station,
and a frame TPV Report, in which the other terminal sta-
tion receiving this request notifies the transmission pow-
er, are defined. This mechanism can be used by any
band. In the present embodiment, a notification of the
transmission power can be performed by using these
frames. It is needless to say that transmission power in-
formation may be broadcast, multicast, or unicast, as a
data packet of an IP layer, without using an existing
frame.

[0182] As described above, according to a method in
which transmission power information is added to an ex-
isting frame and transmitted, by adding transmission
power information to a Vendor Specific IE of a beacon
frame or an Action frame related to transmission power
control, a terminal station can notify information of the
present transmission power to a communication partner.
Therefore, by estimating a path loss based on received
information of the transmission power and a reception
RSSI, at the terminal station side of a communication
partner, a more accurate MCS can be determined.

(2) Method in which the transmission power is estimated,
without a notification of the transmission power

[0183] It is possible for terminal stations periodically
performing data transfer to estimate the transmission
power, even if not notifying information of the transmis-
sion power. This uses an MCS used by a terminal station
of a communication partner.

[0184] Atransmission MCSis generally calculated and
determined based on a path loss and a packet error rate.
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Therefore, by measuring an MCS used for a data packet
transmitted from a terminal station of a communication
partner, and a packet error rate of a packet transmitted
from this terminal station, a path loss can be back calcu-
lated. Also, since a reception RSSI can be measured,
the terminal station can estimate the transmission power
of a communication partner, based on the back calculat-
ed path loss and the RSSI.

[0185] FIG. 19 shows a process procedure, in the form
of a flow chart, for estimating the transmission power
without a notification of the transmission power. While
the following process can be performed by the upper lay-
er processing unit 130, for example, it may also be per-
formed by another function module.

[0186] First,an MCS used for a data packet transmitted
from a terminal station of a communication partner is fig-
ured out, by decrypting the transmission data after being
decoded by the channel decoding unit 123 (step S1901).

[0187] Further, a packet error rate of a packet trans-
mitted from this terminal station is measured (step
S1902).

[0188] Next, a path loss is back calculated, from the

MCS of the communication partner and the measured
packet error rate (step S1903).

[0189] Further,an RSSI of areception packet is meas-
ured, in parallel with the above description (step S1904).
[0190] Then, the transmission power of the communi-
cation partner is estimated, based on the path loss back
calculated in step S1903, and the RSSI measured in step
S1904 (step S1905).

[0191] In this way, each of the terminal stations can
estimate the transmission power without a notification
from a communication partner, and can determine amore
accurate MCS, based on an MCS and a reception RSSI
used by the communication partner.

Citation List
Patent Literature
[0192]

JP 2005-253047A
JP 2005-33557A

Patent Literature 1:
Patent Literature 2:

Industrial Applicability

[0193] So far, the embodiment of the present disclo-
sure has been described in detail with reference to a spe-
cific embodiment. However, it should be noted that var-
ious variations and alternative embodiments will become
apparent to those skilled in the art without departing from
the scope of the present disclosure.

[0194] While a description has been made in the
present disclosure which centers on embodiments ap-
plied to a wireless network in which each terminal station
performs autonomous distribution, such as an Ad-hoc
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network or a mesh network, the technology disclosed in
the present disclosure is not limited to this. The technol-
ogy disclosed in the present disclosure can be applied
to various types of wireless networks, in which access to
a media is controlled in accordance with an occupancy
state of the media starting CSMA by each terminal sta-
tion, and can suppress useless interference between ter-
minal stations, and improve a transmission opportunity
of each terminal station.

[0195] In short, the present technology has been dis-
closed in a form of illustration and should not be inter-
preted limitedly. To determine the gist of the present dis-
closure, patent claims should be taken into account.
[0196] Additionally, the present technology may also
be configured as below.

(1) A wireless communication apparatus including:

a transmission unit which transmits a wireless
signal;

areception unitwhich receives a wireless signal;
an influence degree estimation unit which esti-
mates an influence degree given to a surround-
ing terminal station by transmission data from
the transmission unit; and

atransmission power control unit which controls
a transmission power of the transmission unit
based on the influence degree.

(2) The wireless communication apparatus accord-
ing to (1),

wherein the transmission power control unit controls
a transmission power of the transmission unit based
ontheinfluence degree and a minimum transmission
power capable of retaining a present data transfer.
(3) The wireless communication apparatus accord-
ing to (2),

wherein a minimum transmission power capable of
retaining a present data transfer is calculated based
on a data transfer speed necessary for presently
transferred data, path loss information obtained from
an RSSI| or MCS, and a QoS of data.

(4) The wireless communication apparatus accord-
ing to (2),

wherein, at a time when the influence degree ex-
ceeds a prescribed value, the transmission power
control unit changes a transmission power of the
transmission unit to the minimum transmission pow-
er.

(5) The wireless communication apparatus accord-
ing to (2),

wherein the transmission power control unitchanges
a transmission power to a transmission power cor-
responding to a relationship between the influence
degree and the minimum transmission power.

(6) The wireless communication apparatus accord-
ing to (1),

wherein a signal detection capability in the reception
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unit is controlled in accordance with a change in a
transmission power of the transmission unit.

(7) The wireless communication apparatus accord-
ing to (1),

wherein the wireless communication apparatus per-
forms a communication operation by a mesh net-
work, and

wherein a metric of a path is recalculated in accord-
ance with a change in a transmission power of the
transmission unit.

(8) The wireless communication apparatus accord-
ing to (1),

wherein the influence degree estimation unit meas-
ures a traffic amount to be handled by the transmis-
sion unit and the reception unit as the influence de-
gree.

(9) The wireless communication apparatus accord-
ing to (8),

wherein the influence degree estimation unit meas-
ures a traffic amount by counting the number of pack-
ets or a size of packet to be transmitted and received
by the transmission unit and the reception unit.
(10) The wireless communication apparatus accord-
ing to (1),

wherein the influence degree estimation unit meas-
ures the number of links as the influence degree.
(11) The wireless communication apparatus accord-
ing to (1),

wherein the influence degree estimation unit addi-
tionally estimates an influence degree given to the
wireless communication apparatus itself by trans-
mission data from the transmission unit, and
wherein the transmission power control unit controls
a transmission power of the transmission unit based
on the influence degree.

(12) The wireless communication apparatus accord-
ing to (11),

wherein the influence degree estimation unit esti-
mates a stability degree of a path of the wireless
communication apparatus, and

wherein the transmission power control unit controls
a transmission power of the transmission unit based
on the stability degree of the path.

(13) The wireless communication apparatus accord-
ing to (12),

wherein the influence degree estimation unit esti-
mates the stability degree of the path based on a
variation amount of a path metric, the number of
links, and a traffic amount, in at least one fixed time
in the past.

(14) The wireless communication apparatus accord-
ing to (11),

wherein the influence degree estimation unit esti-
mates whether or not there is a condition where an
addition of a new link is to be limited by the wireless
communication apparatus, and

wherein the transmission power control unit controls
a transmission power in accordance with the condi-
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tion.

(15) The wireless communication apparatus accord-
ing to (14),

wherein the influence degree estimation unit esti-
mates whether or not there is a condition where an
addition of a new link is to be limited based on at
least one of a present traffic and power supply state.
(16) The wireless communication apparatus accord-
ing to (11),

wherein the influence degree estimation unit esti-
mates alink condition of a peer with a certain terminal
station, and

wherein the transmission power control unit controls
a transmission power in accordance with the link
condition.

(17) The wireless communication apparatus accord-
ing to (16),

wherein the influence degree estimation unit esti-
mates the link condition based on at least one of an
MCS used for transmission to the terminal station, a
reception RSSI from the terminal station, and a re-
port value of an RSSI from the terminal station.
(18) The wireless communication apparatus accord-
ing to (1),

wherein another terminal station is notified of infor-
mation of a transmission power changed by the
transmission power control unit.

(18-1)

The wireless communication apparatus according to
(18),

wherein information of the transmission power is
stored in a Vendor Specific IE within a beacon frame
and notified.

(18-2) The wireless communication apparatus ac-
cording to (18),

wherein information of the transmission power is no-
tified to another terminal station as a TPC Report
which responds to a notification request TPC Re-
quest of a transmission power from the another ter-
minal station.

(19) The wireless communication apparatus accord-
ing to (1),

wherein a path loss is back calculated from an MCS
used for a data packet transmitted from a terminal
station of a communication partner, and a packet
error rate of a packet transmitted from the terminal
station, and a transmission power of the communi-
cation partner is estimated based on the path loss
and a reception RSSI.

(20) A wireless communication method including:

an influence degree estimation step which esti-
mates an influence degree given to a surround-
ing terminal station by transmission data; and
a transmission power control step which con-
trols atransmission power at atime of data trans-
mission based on the influence degree.
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Reference Signs List

[0197]

100  wireless communication apparatus
101  antenna

110  transmission unit

111 channel encoding unit

112 modulation unit

113  RF transmission unit

114  transmission power control unit

120  reception unit

121 RF reception unit

122 demodulation unit

123  channel decoding unit

124  influence degree estimation unit

125  signal detection capability control unit
130  upper layer processing unit

Claims

1. A wireless communication apparatus comprising:

a transmission unit which transmits a wireless
signal;

areception unitwhich receives a wireless signal;
an influence degree estimation unit which esti-
mates an influence degree given to a surround-
ing terminal station by transmission data from
the transmission unit; and

atransmission power control unit which controls
a transmission power of the transmission unit
based on the influence degree.

The wireless communication apparatus according to
claim 1,

wherein the transmission power control unit controls
a transmission power of the transmission unit based
ontheinfluence degree and a minimum transmission
power capable of retaining a present data transfer.

The wireless communication apparatus according to
claim 2,

wherein a minimum transmission power capable of
retaining a present data transfer is calculated based
on a data transfer speed necessary for presently
transferred data, path loss information obtained from
an RSSI| or MCS, and a QoS of data.

The wireless communication apparatus according to
claim 2,

wherein, at a time when the influence degree ex-
ceeds a prescribed value, the transmission power
control unit changes a transmission power of the
transmission unit to the minimum transmission pow-
er.
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5.

10.

1.

12.

36

The wireless communication apparatus according
to claim 2,

wherein the transmission power control unitchanges
a transmission power to a transmission power cor-
responding to a relationship between the influence
degree and the minimum transmission power.

The wireless communication apparatus according to
claim 1,

wherein a signal detection capability in the reception
unit is controlled in accordance with a change in a
transmission power of the transmission unit.

The wireless communication apparatus according to
claim 1,

wherein the wireless communication apparatus per-
forms a communication operation by a mesh net-
work, and

wherein a metric of a path is recalculated in accord-
ance with a change in a transmission power of the
transmission unit.

The wireless communication apparatus according to
claim 1,

wherein the influence degree estimation unit meas-
ures a traffic amount to be handled by the transmis-
sion unit and the reception unit as the influence de-
gree.

The wireless communication apparatus according to
claim 8,

wherein the influence degree estimation unit meas-
ures a traffic amount by counting the number of pack-
ets or a size of packet to be transmitted and received
by the transmission unit and the reception unit.

The wireless communication apparatus according to
claim 1, wherein the influence degree estimation unit
measures the number of links as the influence de-
gree.

The wireless communication apparatus according to
claim 1,

wherein the influence degree estimation unit addi-
tionally estimates an influence degree given to the
wireless communication apparatus itself by trans-
mission data from the transmission unit, and
wherein the transmission power control unit controls
a transmission power of the transmission unit based
on the influence degree.

The wireless communication apparatus according to
claim 11,

wherein the influence degree estimation unit esti-
mates a stability degree of a path of the wireless
communication apparatus, and

wherein the transmission power control unit controls
a transmission power of the transmission unit based
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on the stability degree of the path. and a reception RSSI.
. The wireless communication apparatus according to
claim 12,

wherein the influence degree estimation unit esti- %
mates the stability degree of the path based on a
variation amount of a path metric, the number of
links, and a traffic amount, in at least one fixed time

in the past.

20. A wireless communication method comprising:

an influence degree estimation step which esti-
mates an influence degree given to a surround-
ing terminal station by transmission data; and

a transmission power control step which con-
trols atransmission power at atime of data trans-

14.

15.

16.

17.

18.

19.

The wireless communication apparatus according to
claim 11,

wherein the influence degree estimation unit esti-
mates whether or not there is a condition where an
addition of a new link is to be limited by the wireless
communication apparatus, and

wherein the transmission power control unit controls
a transmission power in accordance with the condi-
tion.

The wireless communication apparatus according to
claim 14,

wherein the influence degree estimation unit esti-
mates whether or not there is a condition where an
addition of a new link is to be limited based on at
least one of a present traffic and power supply state.

The wireless communication apparatus according to
claim 11,

wherein the influence degree estimation unit esti-
mates a link condition of a peer with a certain terminal
station, and

wherein the transmission power control unit controls
a transmission power in accordance with the link
condition.

The wireless communication apparatus according to
claim 16,

wherein the influence degree estimation unit esti-
mates the link condition based on at least one of an
MCS used for transmission to the terminal station, a
reception RSSI from the terminal station, and a re-
port value of an RSSI from the terminal station.

The wireless communication apparatus according to
claim 1,

wherein another terminal station is notified of infor-
mation of a transmission power changed by the
transmission power control unit.

The wireless communication apparatus according to
claim 1,

wherein a path loss is back calculated from an MCS
used for a data packet transmitted from a terminal
station of a communication partner, and a packet
error rate of a packet transmitted from the terminal
station, and a transmission power of the communi-
cation partner is estimated based on the path loss
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